The aim of this study was to know the physical, chemical and nutritional characteristics of Rubus sellowii (Rosaceae) fruits, known as blackberry, native plant mainly to Rio Grande do Sul State (RS), Brazil. For this, three different populations of this plant were selected and the fruits were analyzed through moisture, ash, titratable acidity, pH, lipids, fibers, carbohydrates, proteins, carotenoids, lycopene, ascorbic acid, aminogram and in vitro digestibility. Fruits showed high acidity (3.28 percent), ash and protein (1.02 and 0.93 percent) and higher ascorbic acid (38.43 mg per 100 g) if compared to Rubus cultivars. Due to Rubus sellowii nutritional properties, they provide benefits to human health.
Introduction
The demand for natural products with differentiated characteristics and properties that benefit consumers' health has grown, not only for finished products, but also for ingredients to be included in more elaborated foods (Lima et al., 2003) and products (Alho, 2008; Pinto et al., 2016) . And this is also a consequence of the incentive that has been given to the consumption of healthy foods (Levy-Costa et al., Castro Neto et al., 2010) and that favor nutrient ingestion (Vizeu et al., 2005) . In this context, fruits are important for providing vitamins, minerals, carbohydrates, fibers, proteins and lipid (Gomes et al., 2012) . Fruit and other plant structures have vitamins and minerals that are essential for health maintenance, besides having protective effect against several serious diseases ( Temple and Gladwin, 2003) .
However, much of the information regarding popular and traditional use is not enough to determine fruit efficacy and safety (Souza-Moreira et al., 2010) . Thus, there is the need to research the species' nutritional characteristics and find beneficial health effects (Maihara et al., 2006) . The Rosaceae family has been widely used for the treatment of various disorders and has several of its species included in the Brazilian folk medicine plants list. Pharmacological studies show that Rubus genus (blackberry) species may be the source of important active principles, thus, it is essential to carry out studies on their species (Nogueira et al., 1998) . In addition, the species are included in the List of Non-Conventional Plant Foods (NCPF) (Kinupp and Lorenzi, 2014) . Therefore, the aim of the present study was to know the nutritional potential and physical and chemical characteristics of Rubus sellowii Cham. & Schlitdl. (Rosaceae), popularly known as blackberry.
Material and Methods

Fruit collection
Rubus sellowii (blackberry) is a scandent shrub native to Brazil, occurring from the States of Minas Gerais to Rio Grande do Sul and aggregate fruits of red to black coloration when ripe (Lorenzi et al., 2006) .
For the tests, fruits of Rubus sellowii were collected from three populations located in municipalities from the central region of RS State, Brazil, and were named Population 1 (CV) (29°19'52.57" S and 52°16'08.27" W), Population 2 (PR) (29°15'09.94" S and 52°22'34.39" W) and Population 3 (SE) (29°23'19.68" S and 52°17'28.61" W). Fertile material of the populations was inserted in the HVAT Herbarium of the Universidade do Vale do Taquari -Univates under registers 5206 (Population 1 -CV); 2440, 2441 and 2462 (Population 2 -PR); and 5359 (Population 3 -SE). In order to avoid collecting contaminated fruits, the selected populations were located in distant areas from housing, roads and crops. Fruits were collected in the morning, between February and April 2016 and, at each collection, were duly identified and transferred to the Botanic Laboratory of Univates, where they were washed and frozen for further analysis.
Physical and chemical analysis
Ash, moisture, titratable acidity, protein and carbohydrates analysis, as proposed by Instituto Adolfo Lutz (2008) , and in vitro digestibility analysis, as described by Schmidt (2008) . As there were fewer fruits from two of the populations selected for the study, amino acid, lipid, fiber, ascorbic acid and carotenoid analysis were performed with a single sample. The sample consisted of a fruit pulp mixture of the three populations, in equal proportions.
Fibers
Total dietary fiber contents were obtained at the Eurofins Group Laboratory, following the method proposed by the Association of Official Analysis Chemists (AOAC, 1995).
Amino acids
For amino acid analysis, blackberry fruit pulp samples were sent to the Food Research and Production Technology Center (CTPPA), Univates Science and Technology Park, TECNOVATES. Amino acids were determined through the methodology proposed by Shimadzu High-Performance Liquid Chromatograph (Shimadzu Corporation, 2008) .
Ascorbic acid content
In order to determine the ascorbic acid content, the analysis followed the established methodology in accordance with MAPA (2013).
Carotenoids
In order to determine carotenoids content, the analysis followed the methodology described by Rodriguez-Amaya and Kimura (2004).
Lipids
Lipids quantification was obtained through analysis performed at the Laboratory of Analysis and Service Provision, UNIANÁLISES, Univates, following the Association of Official Analytical Chemists (AOAC, 2012).
Statistical analysis
The results of parameters evaluated in Rubus sellowii fruits were expressed by mean and standard deviation, and submitted to analysis of variance (ANOVA), followed by Tukey's test (p <0.05 significance level), using InfoStat software.
Results
Average pH values found in the fruits of the three studied populations ranged from 3.06 (SE) to 3.11 (CV), with a significant difference of population 3 (SE) in relation to the others (Table 1) .
Fruit titratable acidity was high, ranging from 2.99 for population 3 (SE) to 3.28 for population 1 (CV).
Mineral salts content, determined by ash analysis, ranged from 0.63 (SE) to 1.02 percent (PR), showing a significant difference between population 2 (PR) and the other two populations. Differing from other studies with blackberry varieties, fruits of these populations showed higher carbohydrate amounts (PR = 15.10 and SE = 15.31 percent), without significant differences between populations (Table 1) . In a total of carbohydrate, 5 percent is of fiber in a pulp total. Values found for protein content ranged from 0.90 (PR) to 0.93 percent (SE), without significant difference between populations.
Fruit pulp analysis also showed high ascorbic acid content (38.43 mg per 100 g) when compared to other fruits of the same genus. Jacques et al. (2010) , while studying Rubus fruticosus fruit bioactive and volatile compounds, registered 0.9 mg per 100g of ascorbic acid. Similarly, Barcia et al. (2010) recorded 0.75 mg per 100 g of ascorbic acid for Tupy Cultivar's blackberry fruits. However, when compared to other fruits, ascorbic acid content was relatively low. In kiwifruit, the amount ranged from 84.6 to 116.6 mg per 100g (Gomes et al., 2012) , in acerola it was 183 mg per 100g (Araujo et al., 2007) , in mango it was 89 mg per 100 g, and in papaya it was 86 mg per 100 g (Hernandéz et al., 2006) . Ascorbic acid amount difference in natural products can be influenced by climatic conditions, soil type, storage and cultivation forms (Silva et al., 2004) .
The lipid content found in the blackberry pulp was 0.12 g per 100g, a low value when compared to other fruits. According to the Brazilian Food Composition Table  (TACO) , in natura strawberry, also of the Rosaceae family, contains 0.3 percent of lipids. Guimarães and Silva (2008) evaluated the chemical, physical and microbiological composition of murici fruits and the in natura lipids content was 3.02 g per 100g. Oliveira et al. (2012) , in a study with pineapple concentrated pulp, registered 0.29 percent lipids. Fruits and vegetables have low lipid amounts and highly energetic molecules containing unsaturated fatty acids that are beneficial to the health (Somerville et al., 2000) . In addition, they are necessary for liposoluble vitamins absorption, since they act as substances and nutrients carriers and constitute the cell membranes (Pinheiro et al., 2005) .
The total carotenoids content found in the blackberry pulp was 0.056 mg per g and the only identified carotenoid was lycopene, with value of 9.09 μg per g.
Discussion
Considering the pH scale, ranging from 1.0 to 14 according to Mardini and Mardini (2000) where 7.0 corresponds to neutral acidity, whereas below and above 7.0 correspond to acidic and alkaline pH, respectively, Rubus spp. fruits had high acidity, what was already expected due to their acid to sweet-acid flavor (Hirsch et al., 2012) . Ripe fruits of the evaluated populations are favorable for industrialization, once pH values between 3.0 and 3.2 are considered optimal for gel formation (Lopes, 2007) .
About fruit titratable acidity, the results confirming the acid taste, once Rubus spp., according to Aroucha et al. (2010) , has a higher titratable acidity value than fruits with low acidity, which range from 0.2 to 0.3 percent (Bonetti et al., 2011) . Values obtained for the three populations studied were higher than those reported by Hirsch et al. (2012) for blackberry (Rubus spp.) cultivars spread in Brazil's southern region (1.30 to 1.58). This favors sustainable exploitation of the native species in the present study, since high acidity content provides high dilution and, consequently, higher yield in the final product for the juice industry (Andrade et al., 1993) . In addition to high titratable acidity value, moisture determination results showed that fruits had high water content (PR -82.56 to SE 83.02%), and there were no significant difference among the three populations (Table 1) . Higher values were found by Mota (2006) for Tupy and Guarani blackberry cultivars (91.7 and 90.47 percent, respectively), which were found in the municipality of Caldas, Minas Gerais, Brazil, and by Hirsch et al. (2012) for Guarani, Tupy and Cherokee cultivars (86.1, 89.0 and 90.3 percent, respectively) in Pelotas, RS State. Variations show that fruit characteristics may differ when they come from different climatic regions (Hassimotto et al., 2008) . In the present study, population locations did not interfere in water amount, probably because the populations are in municipalities of the same region, and with little climatic variation between them.
In spite of ashes, where there are minerals, the results were compared with Hirsch et al. (2012) recorded lower values (0.38 to 0.49 percent) for blackberry cultivars. Lower values were also recorded by Oliveira et al. (2012) for Annanas comosus (pineapple) (0.31 percent). Moreover, Storck et al. (2013) described lower values in Citrus aurantium (orange) (0.3 percent), Cucumis melo (melon) (0.5 percent), Mangifera indica (mango) (0.4 percent) and Carica papaya (papaya) (0.4 percent). According to Antunes (2002) , blackberry fruits have considerable mineral amounts, which play an important role in human health development and maintenance (Ercisli and Orhan, 2008) . Therefore, they are considered important mineral sources (Hardisson et al., 2001 ). Ash in a higher level than that registered for fruits of cultivars of the same genus reinforces the importance of stimulating the consumption of fruits obtained from Rubus native species.
In relation of carbohydrate amounts, Antunes (2002) stated that blackberry fruits contain about 10 percent carbohydrates, corroborating with Jacques and Zambiazi (2011) who obtained values of 6 to 13 percent for blackberry (Rubus spp.).This amount is also higher than values recorded for Fragaria vesca L. (strawberry) (6.8 percent), Averrhoa carambola L. (starfruit) (7.5 percent) and Cucumis melo L. (melon) (7.5 Percent) (NEPA, 2011). As carbohydrates perform important cellular functions, especially regarding the nutrition of central nervous system 
Parameters (in percentage)
CV PR SE pH 3.11 ± 0.01 (a) 3.10 ± 0.01 (a) 3.06 ± 0.005 (b) Titratable acidity 3.28 ± 0.04 (a) 3.20 ± 0.04 (a) 2.99 ± 0.03 (b) Humidity 83.01 ± 0.72 (a) 82.56 ± 0.11 (a) 83.02 ± 0.40 (a) Ashes 0.73 ± 0.13 (b) 1.02 ± 0.06 (a) 0.63 ± 0.08
Carbohydrates 15.30 ± 0.35 (a) 15.10 ± 0.11 (a) 15.31 ± 0.65 83.31 ± 1.29 (a) 78.81 ± 6.25 (a) Different letters on the same line show significant differences between populations (p <0.05). CV -population 1; PR -population 2 and SE -population 3. cells and energy supply, the higher amounts of carbohydrates makes this fruit attractive for consumption, and it could be part of everyday food (Pinheiro et al., 2005) . About fiber in a total pulp, a value similar to that reported by Hirsch et al. (2012) (5.5 to 5.8 percent) when studying blackberry varieties, and by Souza et al. (2015) , while characterizing blackberry fruits and jelly (4.12 to 9.13 percent) was found in this study". Fibers ingestion has innumerable benefits, such as reducing the risk of arterial hypertension and stroke, improving glycemic control in patients with diabetes mellitus, favoring the proper functioning of the immune system and helping in weight reduction (Bernaud and Rodrigues, 2013) . Considering all the benefits that fiber ingestion provides, and that its daily intake should be of at least 30 g, Rubus sellowii fruits consumption should be stimulated. Hirsch et al. (2012) reported lower protein values (0.09 to 0.14 percent) for blackberry cultivars. According to the Brazilian Food Composition Table (TACO) , protein amount variation in fruits and by-products is 0.2 to 3.2 percent, corroborating with Tirapegui et al. (2016) , who mentioned that fruits and vegetables are low in protein, with these representing only 1 to 2 percent of their total weight. As a comparison parameter, Oliveira et al. (2012) reported that pineapple protein content is 0.72 percent, reinforcing the low protein amount recorded for fruits of the three populations studied. However, the values found in this study were higher than those indicated in studies on cultivars of the same plant group.
In addition to the low protein content, most foods of plant origin have specific essential amino acids deficiency. However, their consumption must be stimulated, since feed must be diversified, so that nutritional needs are met (Tirapegui et al., 2016) . Amino acids found in the Rubus selowii populations studied were glutamic acid (Glu) and histidine (His), which only represented 3.75 and 0.89 μMol per mL, respectively. Amino acids composition or presence and digestibility are related to the protein nutritive value (Pires et al., 2006) . Digestibility corresponds to the protein part that will be hydrolyzed by digestive enzymes and made available as amino acids to the organism (Gerhardt et al., 2014) . In the in vitro digestibility evaluation of Rubus sellowii fruits, values expressed were high (78.81 for SE, 79.84 for CV and 83.31 percent for PR), demonstrating that Rubus sellowii fruits are easily digested, since, according to Toledo et al. (2007) plant proteins have digestibility of 80 percent.
Carotenoids results showed the presence in the fruit, and are one of the most important pigment groups in nature (Oliver and Palou, 2000) , responsible for fruit colors from yellow to red (Uenojo et al., 2007) , and for performance of various functions, having structural diversity and wide distribution (Oliver and Palou, 2000) . The value found in the fruit pulp was low in the present study compared to that recorded by Jacques and Zambiazi (2011) . who obtained 0.877 mg per g of total carotenoids in blackberry fruits (Rubus spp.).
Lycopene was low when compared to tomato (31 μg per g), papaya pulp (26 μg per g), red guava (53 µg per g) and surinam cherry pulp (73 μg per g) (Shami and Moreira, 2004) . Lycopene synthesized by plants has been attracting attention because it may provide protection against cancer and other degenerative diseases influenced by free radical reactions (Pelissari et al., 2008; Ellinger et al., 2006) .
In conclusion, Rubus sellowii fruits are beneficial to human health for their nutritional properties. Thus, the importance of Rubus sellowii fruits and their by-products in the diet is emphasized, contributing to the valorization of regional foods in human feed. As it has high acidity, it is an important mineral and protein source when compared to same genus cultivars. In addition, it is a source of ascorbic acid and carotenoids, even though in small amounts, complementing the diet and contributing to protect cells from oxidative damage, reducing the risk of developing some diseases. Thus, this study contributes to the improvement of scientific knowledge on the native plants of the region.
